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Manganites have shown potential in spintronics because they exhibit high spin polarization.
Here, by ferromagnetic resonance we have studied the damping properties of La0.67Sr0.33MnO3/Pt
bilayers which are prepared by oxide molecular beam epitaxy. The damping coefficient (α) of
La0.67Sr0.33MnO3 (LSMO) single layer is found to be 0.0104. However the LSMO/Pt bilayers ex-
hibit decrease in α with increase in Pt thickness. This decrease in the value of α is probably due
to high anti-damping like torque. Further, we have investigated the angle dependent inverse spin
Hall effect (ISHE) to quantify the spin pumping voltage from other spin rectification effects such
as anomalous Hall effect and anisotropic magnetoresistance. We have observed high spin pumping
voltage (∼ 20 µV ). The results indicate that both anti-damping and spin pumping phenomena are
occuring simultaneously. A large value of spin Hall angle of 4.62 has been evaluated.
Keywords: Spin pumping, spin Hall angle, thin films, anti-damping.
I. INTRODUCTION:
Spintronics devices have demonstrated high data stor-
age capacity and miniaturization of computer logics. For
the development of next generation devices low power
and high speed are the key requisite. Pure spin cur-
rent (Js) based devices have shown potentials for fulfilling
these requirements due to minimal involvement of charge
current (Jc). In this context, ferromagnetic (FM)/heavy
metal (HM) hetrostructures are model systems to inves-
tigate various spin dependent pheneomenon [1–4].
Generation of pure spin current has been demonstrated
by ferromagnetic resonance (FMR) through spin pump-
ing mechanism [5–8]. This pure spin current can lose
their spin angular momentum in the presence of high
spin orbit coupling (SOC) HM materials e.g Pt, W, Ta
etc. The loss of spin angular momentum can develop a
voltage by asymmetric scattering of spin, which is known
as inverse spin Hall effect (ISHE) [9, 10]. SOC is an im-
portant factor for observation of large ISHE. Because of
the spin-orbit interaction, different spins (up and down)
move in different direction and hence an electric field is
developed transverse to the direction of spins [11–13]. In
ISHE process Js is converted to Jc and these two physical
parameters are related by the below equation:
Jc = θSH × Js × σ (1)
where θSH is the spin Hall angle (SHA) and σ is the po-
larization vector transverse to the direction of Js. The
value of SHA, therefore, defines the charge to spin cur-
rent conversion efficiency. The absorption of spin current
(Jabss ) generated by HM into FM create a spin trans-
fer torque, which can be quantified by spin torque effi-
ciency ξSH = (2e/~)Jabss /Jc. [14] It is noted here that in
such FM/HM heterostructures, spin pumping increases
the value of α due to absorption of spin angular momen-
tum in HM layer[15]. Further in such FM/HM bilayers
another type of torque may occur which is called as anti-
damping torque. [16, 17].This later torque will lead to a
decrease in damping value of the bilayer as compared to
the reference single FM layer. It is known that a large
value of ξSH and lower α are the important parameters
for the development of power efficient devices. Therefore
the anti-damping torque may help in achieving magne-
tization switching at lower current density which is pro-
portional to α/ξSH , where α is the damping constant of
FM/HM bilayer[14]. We note that keeping low α value
with spin pumping is a challenge. However anti-damping
like torque may help to balance the damping like torque
which is opposite of that and hence reduce the value of
α in FM/HM heterostructures. Pt has been used widely
due to its high conductivity and SHA values. Studies so
far are concentrated mostly on Pt and ferromagnetic met-
als [11, 18–20]. In this context insulating ferromagnetic
oxides in particular manganites are worth to be investi-
gated for spin to charge conversion based applications.
La0.67Sr0.33MnO3 (LSMO) is one such ferromagnetic ox-
ide well known for exhibiting high Curie temperature (TC
∼ 350K) and nearly 100% spin polarization (in bulk) [21].
There are a few reports where spin pumping has been in-
vestigated in LSMO/Pt bilayers for which the LSMO is
primarily prepared by pulsed laser deposition technique.
[22–27] In this work, we aim to study LSMO/Pt bilayers
where the samples have been fabricated by oxide molec-
ular beam epitaxy (OMBE) technique. In recent years
OMBE has been proven to be an excellent technique to
grow high qualilty complex oxide thin films. Here we
show that our LSMO/Pt films are highly resistive. Fur-
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2ther we have observed high spin pumping voltage. Both
these factors have led to a very high SHA of 4.62. We
have also observed decrease in the value of α with in-
crease in spin pumping voltage, which make them very
useful for spintronics devices.
II. EXPERIMENTAL METHODS:
LSMO(tLSMO = 20nm)/Pt(tPt) bilayer samples have
been prepared on single crystalline SrTiO3(001) sub-
strate using an oxygen plasma assisted molecular beam
epitaxy (MBE) system. Samples are named as S1, S2
and S3 for the thickness of Pt (tPt) = 0, 3 and 10 nm, re-
spectively. Surface and crystalline quality of LSMO films
were characterized by in situ low energy electron diffrac-
tion (LEED) and reflective high energy electron diffrac-
tion (RHEED). X-ray diffraction was performed to de-
termine the crystal phases. Magnetization dynamics was
studied using co-planer wave-guide (CPW) based ferro-
magnetic resonance (FMR) spectroscopy. Sample was
kept on top of CPW in a flip-chip manner [28] as shown
in Fig.1(a). A DC magnetic field H, perpendicular to
radio frequency field (hrf ), was applied using an electro-
magnet. Gilbert damping constant (α) was extracted by
measuring FMR spectra in a frequency (f) range of 3-16
GHz with intervals of 0.5 GHz. The values of resonance
field (Hres) and linewidth (∆H) have been obtained from
the Lorentzian fit of the FMR spectra, while the α has
been evaluated by fitting the ∆H vs f data. ISHE volt-
age was measured by a nanovoltmeter. Detailed descrip-
tion of the instrument is described in our previous work
[28–31]. The measurements were performed on samples
of dimension ∼ 3×2 mm2. Copper wires were used to
make contacts using silver paste at the edges of the sam-
ples. Angle dependent ISHE has been performed at f = 7
GHz, to disentangle spin rectification effects. Microwave
power dependent ISHE measurement has been performed
using rf signal generator(SMB–100 model from ROHDE
& SCHWARZ).
III. RESULTS AND DISCUSSION:
Figure 1(b) and (c) show the LEED and RHEED im-
ages for the 20 nm thick LSMO film (sample S1), re-
spectively. The presence of sharp spots (Fig. 1(b)) and
streaks (Fig. 1(c)) confirms epitaxial growth of LSMO
films on the SrTiO3(001) substrate. The RHEED image
also indicate a smooth surface of the LSMO film. These
were also confirmed by the x-ray diffraction (data shown
in supplementary information).
Figure 2(a) show the f vs Hres plot for all the samples
obtained from the frequency dependent FMR spectra.
The data have been fitted by Kittle equation [32],
f =
γ
2pi
√
(Hres +HK)(Hres + 4piMeff +HK) (2)
FIG. 1. (a) Experimental setup for FMR and ISHE measure-
ments. (b) LEED (c) RHEED images for sample S1.
where γ(= gµB~ ), g, µB and Meff are gyromagnetic ratio,
Lande g–factor, Bohr magnetron and effective magnetiza-
tion, respectively. HK , KS and tFM are anisotropic field,
perpendicular surface anisotropy constant, and thickness
of the LSMO layer, respectively. Further α was evaluated
by fitting data of Fig. 2(b) using the relation
∆H = ∆H0 +
4piαf
γ
. (3)
FIG. 2. (a) f vs Hres and (b) ∆H vs f for samples S1, S2
and S3.
The values of α for samples S1, S2 and S3 are extracted
to be 0.0104±0.0003, 0.0046±0.0004 and 0.0037±0.0004,
respectively. It should be noted that Pt is a well known
metal for exhibiting high SOC and when coupled to a
FM layer it may lead to an increase in α. However in
our case it is observed that there is a decrease in α with
increase in tPt in comparison to the single LSMO layer
(S1). The reason for this lowering of α could be an anti-
damping like torque. Similar anti-damping behavior has
been observed in β-Ta and Py bilayer system studied by
Behera et. al. [33]. The anti-damping in a FM/HM het-
erostructure can be explained in the following manner. In
3case of spin flip parameter (ε)<0.1, spin angular momen-
tum at the FM/HM interface creates a non-equilibrium
spin density in the Pt layer [34]. This results a back
flow of spin current (J0s ) into the LSMO layer which has
two components, (i) parallel, and (ii) perpendicular to
instantaneous magnetization m(t) of LSMO layer. The
parallel component to m(t) counteracts the spin pump-
ing from LSMO layer and suppresses the spin pumping in
Pt layer. Component which is transverse to J0s generates
an additional spin orbit torque (SOT) on this in-plane
m(t) of LSMO layer. This SOT can be effective up to
a distance twice of the spin diffusion length (λSD) [35].
Spin accumulation at the interface is very sensitive to
λSD of Pt layer. For tPt < λSD, spin accumulation dom-
inates over the bulk SOC of Pt. This leads to an increase
in J0s , and a decrease of α. For tPt > 2λSD, J0s de-
creases which results in a decrease of SOT. This decrease
in SOT may lead to an increase in α. We have considered
λSD ∼ 5.9 nm from literature, where the samples stud-
ied had similar type of structure [22]. Therefore, it can
be concluded that anti-damping like torque is very high
and opposite in our samples to overcome damping like
torque, which leads to the reduction of the value of α.
FIG. 3. ISHE voltage for samples S2 and S3 are shown in
(a) and (b), respectively. Open circles (in blue) is the mea-
sured ISHE voltage and solid line (in red) represents the best
fit of the data fitted by equation (4). Dash (in green) and
dot (purple) lines represent the Vsym and Vasym components,
resepctively, evaluated by fitting to equation (4).
In order to quantify the spin pumping we have performed
ISHE measurements. Figure 3(a) and (b) represent the
ISHE voltage (Vmeas) vs. applied field (H) for samples
S2 and S3, respectively. It is noted that no ISHE signal
has been observed for the reference sample S1. We have
separated symmetric (Vsym) and anti-symmetric (Vasym)
voltage signal by using the following equation [36],
Vtotal = Vsym
(∆H)2
(H −Hres)2 + (∆H)2 +
Vasym
(∆H)(H −Hres)
(H −Hres)2 + (∆H)2 . (4)
Fig. 3(a) and 3(b) show that Vsym component is large
in comparison to Vasym. It is well known that symmet-
ric signal comes predominantly from the spin pumping
while asymmetric signal is due to other rectification ef-
fects [37]. To separate the effect of anomalous Hall
FIG. 4. (a) and (c) Angle dependent Vsym for samples S2 and
S3, (b) and (d)angle dependent Vasym for samples S2 and S3,
Figure (a) and (c) were fitted by using equation (5) while
figure (b) and (d) were fitted by using equation (6)
effect (AHE) and anisotropic magneto resistance (AMR)
from spin pumping we have performed angle (φ) depen-
dent ISHE at a step of 20 in the range of 0 to 3600. Here
(φ) is defined as the angle between direction of applied
magnetic field (H) and the contacts for voltage measure-
ment. Figure 4(a) and (b) show the angle dependent
Vsym and Vasym for sample S2, respectively. Similarly,
Fig. 4(c) and (d) show the evaluated Vsym and Vasym for
the sample S3. These plots were fitted using the following
relations [38],
Vsym = Vsp cos
3φ+ VAHE cosφ cosθ+
V AMR⊥sym cos(2φ)cosφ+ V
AMR‖
sym sin(2φ) cosφ (5)
Vasym = VAHE cosφ sinθ + V
AMR⊥
asym cos(2φ) cosφ+
V AMR‖asym sin(2φ) cosφ (6)
where Vsp, VAHE are voltages due to spin pumping and
anomalous Hall effect. Further V AMR‖asym,sym and V AMR⊥asym,sym
are the parallel and perpendicular components of the
AMR voltage, respectively. θ is the angle between hrf
and H which is 90◦ in our case as shown in figure 1(a)1.
So the equations (5) and (6) can be written as
Vsym = Vsp cos
3φ+ V AMR⊥sym cos(2φ) cosφ+
V AMR‖sym sin(2φ) cosφ (7)
4Vasym = VAHE cosφ+ V
AMR⊥
asym cos(2φ) cosφ+
V AMR‖asym sin(2φ) cosφ (8)
V
⊥,||
AMR can be evaluated by the following equation [38]
V
⊥,||
AMR =
√
(V
AMR⊥,||
asym )2 + (V
AMR⊥,||
sym )2 (9)
The values Vsp, VAHE , V ⊥AMR and V
‖
AMR for samples S2
and S3 were obtained from the best fits and listed in table
I.
TABLE I. Fitted parameter for samples S2 and S3
Sample Vsp(µV ) VAHE(µV ) V ⊥AMR(µV ) V
‖
AMR(µV )
S2 20.05 0.77 11.98 0.34
S3 12.79 -0.01 8.49 0.55
From Table I it is observed that Vsp decreases for
higher Pt thickness. We have calculated SHA by using
below equation (7) [39].
VISHE = (
w
tLSMO/ρLSMO + tPt/ρPt
)×
θSHAλSDtanh[
tPt
2λSD
]Js (10)
where Js is given by,
Js ≈ (g
↑↓
r ~
8pi
)(
µ0hrfγ
α
)2×
[
µ0Msγ +
√
(µ0Msγ)2 + 16(pif)2
(µ0Msγ)2 + 16(pif)2
](
2e
~
) (11)
and
g↑↓r = g
↑↓
eff [1 +
g↑↓effρPtλSDe
2
2pi~ tanh[
tPt
λSD
]
]−1 (12)
where w, Ms, and g
↑↓
eff are the width of CPW, satura-
tion magnetization and spin mixing conductance of the
bilayers, respectively. For the evaluation of g↑↓eff the re-
sistivity (ρ) of the samples were calculated by four-probe
method. The (ρ) values are 4.79 × 10−5, 7.33 × 10−7
and 5.25 × 10−7 Ω-m for the samples S1, S2 and S3, re-
spectively. The value of g↑↓eff can be calculated by the
following expression using damping constant [12]:
g↑↓eff =
∆α4piMstLSMO
gµB
(13)
where ∆α is the change in the α due to spin pumping.
The values of SHA are evaluated to be 4.62 and 0.90 for
samples S2 and S3, respectively. It is to be noted that
FIG. 5. (a) and (b) Power dependent voltage signal for sam-
ples S2 and S3 measured at a f = 7 GHz. (c) and (d) show
power dependent Vsym and Vasym components for samples S2
and S3, respectively
the SHA value for sample S2 is much larger than that re-
ported for the Pt [40–42] in a similar type of system. In
order to further confirm that the Vmeas is primarily due
to spin pumping, we have performed microwave power
dependent ISHE at 7 GHz. Power dependent measure-
ment was performed in microwave power range of 3 to
125 mW. Microwave power dependent voltage signal is
shown in Fig. 5(a) and 5(b) for samples S2 and S3, re-
spectively. Figure 5(c) show the power dependent sym-
metric part of voltage for samples S2 and S3. The linear
increase in microwave power leads to increase in Vsym
signal strength for both the samples S2 and S3, which
confirms that Vmeas was mainly due to spin pumping.
Figure 5(d) shows the Vasym dependency over microwave
power for samples S2 and S3.
IV. CONCLUSIONS:
We have studied spin pumping and ISHE for LSMO/Pt
bilayer samples prepared by oxide molecular beam epi-
taxy. We have observed a decrease in the value of α with
increase in the Pt thickness. This decrease in α value
may be due to anti-damping like torque. At the low
value of α, we have observed high spin pumping voltage,
which makes this system ideal for the development of
power efficient spintronics devices. In Table II we show
the comparison of various parameters from literature for
LSMO/Pt bilayers. We found very high spin Hall angle
value 4.62 for 3 nm Pt thickness, which is highest in Pt.
It seems that the oxide molecular beam epitaxy is a suit-
able technique to prepare high quality complex oxides.
Further study of manganite based system can give the
way to control the spin to charge conversion efficiency
for the future applications.
5TABLE II. Comparison of various parameters from literature for LSMO/Pt bilayers.
Authors System Preparation technique Vsp (µV ) g↑↓eff (m
−2) Power (mW) α (103)
Atsarkin et al.[25] LSMO(80 nm)/Pt(10 nm) PLD 0.56 1016 − 1017 250 −
Luo et al.[22] LSMO(20 nm)/Pt(6−30 nm) PLD 8 1.8× 1019 100 4-8
Lee et al.[23] LSMO(30 nm)/Pt(5−9 nm) PLD 0.3 2.1× 1019 − 1.9−2.9
Luo et al.[26] LSMO(29 nm)/Pt(10nm) PLD ∼1 − 100 −
Luo et al.[27] LSMO(20 nm)/Pt(5.5 nm) PLD ∼5 − 125 ∼5.93
Luo et al.[24] LSMO(26)/Pt(5.5) PLD ∼3.25 − 40 ∼6.50
This work LSMO(20nm)/Pt(3nm) OMBE 20.05 1.48× 1019 25 4.60
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